Abstract
Introduction alert message is shown and the BLAST button will remain disabled to avoid BLAST generating meaningless results.
Subsequently, the user selects one or several BLAST databases using checkboxes. Once a first database is selected, 120 additional database selections are limited to those of the same type (i.e., either nucleotide or protein) to eliminate the 121 risk of users combining incompatible databases that would cause BLAST to fail. Once a valid query is entered and 122 a database is selected, the BLAST submission button activates. For most query-database combinations, the single 123 possible basic BLAST algorithm will be used (Supplementary Figure S1) . When multiple algorithms are appropriate 124 (e.g., nucleotide query and nucleotide database: BLASTN and TBLASTX are both appropriate), a pull-down in the
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BLAST submission button allows the user to toggle between them. Sequenceserver's automatic algorithm selection 126 reduces the risk of attempting to perform impossible BLAST queries. Finally, Sequenceserver includes an "advanced 127 parameters" field providing access to all standard BLAST parameters available in the command-line (Camacho et al., 
129
Figure 1. Partial screenshot of the query interface. Dark red letters highlight the steps involved and some specific features. A: Three or more sequences were pasted into the query field (typewriter font; only the identifier is visible for the third sequence); a message confirms to the user that these are amino acid sequences. B: The Swiss-Prot protein database was the first database to be selected. As a result, additional database selections are limited to protein databases; nucleotide databases are disabled. C: The user entered (optional) advanced parameters to constrain the results to the 10 strongest hits with evalues stronger than 10 −10 . D: The BLAST button is automatically activated and labeled "BLASTP" as this is the only possible basic BLAST algorithm for the given query-database combination. As the user's mouse pointer hovers over the BLASTP button, a tooltip indicates that a keyboard shortcut exists for this button.
Display of BLAST results
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As a result of performing a BLAST query, an HTML report including graphical overviews is shown in the web browser
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( Figure 2 ; an interactive version of this figure is at http://sequenceserver.com/paper/fig2interactive //sequenceserver.com/paper/fig2interactive. Three amino acid sequences were compared against the Swiss-Prot database using BLASTP with an evalue cutoff of 10 −10 and keeping only the 10 strongest hits per query. This screenshot shows a portion of the results for the first query. Dark red letters highlight some of the specific features of this report.
A: An index overview summarizes the query and database information and provides clickable links to query-specific results. B: Results for the first query are shown. These include a graphical overview indicating which parts of the query sequence aligns to each hit, a tabular summary of all hits, and alignment details for each hit. C: The first hit is selected for download; its alignment details have been folded away. D: The user is studying the second hit; the mouse pointer hovers over the link to the hit's UniProt page.
researchers. For instance, the authors collectively run 12 private servers and only 4 public servers at the time of this classroom's BLAST server from anywhere and the instructor to control the software and databases versions so that 179 the results for any given query are consistent and predictable, as is critical for a classroom setting and not feasible 180 using publicly-available servers such as NCBI.
181
Metric Statistic
Hits to sequenceserver.com in the last 12 months 11, 050
Mailing list users 102
Mailing list threads 137
RubyGems downloads 29, 500
GitHub stars 80
Twitter mentions 102
Sites with publicly available instances 52 peer review and frequent deployment on our own servers and within the community. Second, we structured the 269 software according to object-oriented paradigm (Weisfeld, 2008) , thus leading to a clean separation of different parts 270 of the code. Third, we followed two important software development principles: "don't repeat yourself" (DRY) leads and thus lowers risks and leads to higher maintainability (Raymond, 2003 problems with software design.
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Graphical user interface design principles
286
To ensure a fluid user experience that increases researcher productivity, we designed Sequenceserver around eight 287 modern user interface design principles. First, the interface contains only essential information so as to minimize 288 distractions for the user. Second, the information is laid out in a clear and hierarchically structured manner. As part of 289 this, we paid special attention to typography, using Roboto (https://www.google.com/fonts/specimen/Roboto)
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for headings and Open Sans (https://www.google.com/fonts/specimen/Open+Sans) for normal text. These 291 free, contemporary typefaces were designed to maximize legibility and overall aesthetics across electronic devices and 292 print media. Third, we used automation where possible to minimize the number of decisions required from the user.
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For example, based on query type and databases selection we limit the choices for algorithm selection (except in 294 the case of nucleotide-nucleotide search only a single BLAST algorithm is possible; see Supplementary Figure S1 ).
295
Fourth, we use interactive visual feedback and cues for step-by-step discovery of the workflow. For example, the
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BLAST button remains disabled until the user has provided query sequence(s) and selected target databases. Table S1 . Alternatives to Sequenceserver. Presence or absence of features in BLAST GUIs is highlighted across four broad categories: Installation and configuration, BLAST query submission, Output, and Development status. Preferred features are indicated in green.
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